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Top quark and top mass 

• Top quark is the heaviest known elementary 

particle 

• Top quark mass is not predicted by SM 

• Can constrain SM Higgs boson mass 

 Important contribution in radiative correction of W 

 Important test of SM 
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Lepton+Jets channel 

• Pair production 

 ~7.4 pb at Tevatron 

• ~100% 𝑡 → 𝑊𝑏 

• Lepton+jets 

 One 𝑊 → 𝑞𝑞′ 

 The other 𝑊 → 𝑙𝜈  

 Four jets (including two b-quark 

jets), one charged lepton, and 

large missing energy(neutrino) 

 Good S/B ratio 

 BR ~ 34% 

 

 Best channel for top quark mass 

measurement 
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Measurement technique (template method) 

• Identify variables    sensitive  to Mtop (or JES) 

• Using MC,  generate signal distribution of    as a function of 

Mtop (or JES) 

• Parametrize templates in terms of probability density function 

then assign the probability for certain mass and JES  

 

 

 

 

 

 

 

 

• Construct likelihood based on probabilities 4 

x

x

( ; , )topP x M JES

Event reconstruction 
in the lepton+jets 
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Non-parameteric template technique 

• Use kernel function per event to 

get probability density function 

(pdf) 

• Easy to extend dimension 

We used fully 3D pdf  

 Fit both mass and jet energy scale 

 𝑃(𝑚𝑡
𝑟𝑒𝑐𝑜, 𝑚𝑗𝑗 , 𝑚𝑡

𝑟𝑒𝑐𝑜 2 ;𝑀𝑡𝑜𝑝, Δ𝐽𝐸𝑆)  

𝑚𝑡
𝑟𝑒𝑐𝑜 2 :2nd minimum χ2 mass 

 

• CDF 5.6 fb-1 measurements 

 

 
172.2 ± 0.8 (stat) ± 0.8(JES) ± 0.9(syst) GeV/c2 

=172.2 ± 1.5 GeV/c2 

PRD 83 (2011) 111101 
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Improvement (jet energy resolution) 

• Incorporate Calorimeter Jet information with Track Jet 

information 

 Usual correction only use calorimeter one 

 Use Artificial Neural Network 

Same technique have been used in the Higgs search (𝐻 → 𝑏𝑏 ) 

Same improvements have been happened for 𝑡𝑡   
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Usual 
correction 

NN 
correction 

(Measured PT-True PT)/True PT  

• ~10% improvement of jet 

energy resolution 

• ~10-15% better separation 

power in the 𝑚𝑡
𝑟𝑒𝑐𝑜 ,𝑊𝑗𝑗 

• ~13% better statistical 

precision 
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Improvement (increasing signal acceptance) 

• Increase signal acceptance by loosening selection criteria 

 ~12% better precision in the statistical uncertainty 

0tag 1tagL 1tagT 2tagL 2tagT 

Wbb 37.6±15.9 54.4±22.6 34.0±14.3 8.5±3.6 6.1±2.6 

Wcc 117.8±46.2 35.7±13.6 22.3±9.0 1.4±0.7 1.2±0.5 

Wc 54.2±25.1 19.1±10.0 10.4±5.1 0.8±0.3 0.5±0.2 

W(mistag) 493.6±111.5 60.5±13.5 35.4±9.0 0.9±0.3 0.6±0.2 

Z+jets 52.3±4.4 8.9±1.1 5.9±0.7 0.8±0.1 0.5±0.1 

ST 4.8±0.5 10.5±0.9 6.8±0.6 2.2±0.3 1.7±0.2 

Diboson 60.3±5.6 11.1±1.4 8.5±1.1 1.0±0.2 0.8±0.1 

QCD 143.0±114.4 34.5±12.6 20.7±16.6 4.4±2.5 2.5±2.4 

BKGD 963.5±229.3 234.7±61.1 144.0±40.9 19.9±5.5 13.8±4.2 

Top 644.8±86.3 695.0±86.7 867.3±107.6 192.3±29.7 303.7±46.6 

Total(Exp) 1608±245 930±106 1011.3±115.1 212.2±30.2 317.6±46.8 

Observed 1627 882 997 208 275 
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Use full dataset (8.7 fb-1) 
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Most Precise single measurement to data 

172.85 ±0.71(stat.) ±0.85(syst.)=172.85 ± 1.11  GeV/c2 

Updated with full data (additional gain of 25% respect to luminosity increasing) 

Working on the publication  
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Systematic uncertainty 
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Most Precise single measurement to data 

172.85 ±0.71(stat.) ±0.85(syst.)=172.85 ± 1.11  GeV/c2 

Updated with full data (additional gain of 25% respect to luminosity increasing) 

Working on the publication  
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𝑡 and 𝑡  mass difference (ΔMtop) 

ΔMtop = -3.3 ± 1.4 ± 1.0 

            = -3.3 ± 1.7 GeV/c2 
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• If CPT is conserved, ΔMtop 

should be zero (SM) 

 

• So, this measurement tests 

CPT violation 

 

• We use similar technique of 

mass measurements 

kinematic reconstruction 

5.6 fb-1 

Lepton+Jets 

Stat.       Syst. 
PRL 106, 152001 (2011) 
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Measurement with full data set (8.7 fb-1)  

ΔMtop = -1.95 ± 1.11(stat.) ± 0.59 (syst.) 

            = -1.95 ± 1.26 GeV/c2 
Working on the publication 
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Same improvement with top quark mass measurement 
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Missing ET+Jets channel 

• Topology based channel 

 No lepton, large missing energy, 

and four jets 

 Orthogonal with the other 

analysis 

• Truths are almost lepton+jets 

Missing lepton (instrument) 

 Hadronic tau decay 

• Previous measurement 

 5.7fb-1 data 

 Use hadronic top mass (three jet 

and dijet mass (W mass) with in 

situ JES calibration 

 172.3 ± 2.6  GeV/c2 

 

 

Χ 
PRL 107, 232002 (2011) 
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Measurement with full data set (8.7 fb-1) 

• Full Event Reconstruction 

  Use kinematic fitter 

  Reconstruct leptonic W (not 

decaying product) 

 Overconstrained system 

 

 

• 3D pdf using KDE technique 

  Two reconstructed top masses 

and dijet (W) mass 

  In situ JES calibration 

Mtop = 173.9 ±1.6 (stat.+JES)±0.9 (syst.) GeV/c2 
=173.9 ± 1.9  GeV/c2 
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Conclusion 

• Top quark mass measurement in the lepton+jets channel      

        Mtop=172.85± 1.11 GeV/c2 

Most precise single measurement to date 

 

• ∆Mtop  measurement in the lepton+jets using full dataset  

           ∆Mtop=-1.95± 1.26 GeV/c2 

 

• Top quark mass measurement in the missing ET+jets 

        Mtop=173.9± 1.9 GeV/c2 

Most precise measurement in this event topology  
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The latest top quark mass measurement 

• Tevatron average : 173.2 ±  0.9 GeV/c2 
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Tevatron: 

CDF & DZero 

Add Antiproton line 

Reduce the CDF vertical size to match D0 
Tevatron 

 

CDF 

DZero 

CDF 

DZero 

proton 

Pbar source 

Main injector/ 

Recycler (150GeV) 

1.96 TeV proton anti-proton collider 

2nd highest energy (LHC 7TeV) 

Proton Anti-ptroton 
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2 km diameter 



ICHEP2012 ,              Hyun Su Lee,       Ewha Womans University 

Farewell Tevatron 

Shutdowned at Sept/31/2011 
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CDF Luminosity 

 Delivered >12.0 fb-1 

Acquired 10 fb-1 (10% less with silicon) 

8.7 fb-1 for top physics 

Use full data 
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